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Abstract 
The main problem arising in the process of management of the transport and distribution of goods in urban areas is the lack of 
data regarding deliveries, in particular with regard to the structure of demand as well as the classification of vehicles, their routes, 
changes in demand for transport, etc. The aim of the research presented in the paper is to fill this gap in Szczecin (Poland). The 
studies are part of research carried out under the project GRASS (GReen And Sustainable freight transport Systems in cities). 
The paper introduces the results of second stage analysis of the goods distribution within the city centre of Szczecin, covering a 
significant number of companies, retail and service entities, entities of the HoReCa sector, schools, universities, and public 
administration .The studies presented in this paper of the survey results illustrate the impact of Christmas period on the increasing 
demand for delivery in Szczecin example.. Moreover, the survey was conducted in the shopping centres located in the designated 
area of the city. This enabled to determine the seasonal increase in demand for freight deliveries. 
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1. Introduction 
The dynamic development of transport in recent years constitutes an important factor in the economic 
development of the world, but it is also a source of problems, which can be observed especially in urban areas. 
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Mobility plays a very important role in ensuring the sustainable development of the city. Urban transport systems 
generate many positive effects. In addition to the unquestionable importance for the development of urban economy, 
urban transport systems assist in the formation of the local community, which has a positive impact on counteracting 
social exclusion. This manifests itself mainly in the fast and easy access to places of culture (theaters, cinemas, 
museums, parks, etc.). However, air pollution emitted by motor vehicles in urban areas is the source of the greatest 
contamination of the atmosphere. In urban areas, there is consumed approx. 70% of energy and produced approx. 
80% of greenhouse gases (Istituto ... 2008). In the years 1990-2000, carbon dioxide emissions by road transport 
increased by 23% (Załoga 2013). This constitutes a serious threat to human health, natural resources, as well as the 
quality of the raw materials necessary for the production of food. 
A growing number of city users results in increased demand for freight, the large part of which is generated by 
industrial, retail and service entities. This applies in particular to finished products; however, due to the location of 
these entities in urban areas, it also applies to raw materials and semi-finished products. Distribution function 
initiated by these entities causes an increase in the logistics flows on a limited area. And this leads to the situation, in 
which the impact of urban freight transport on the urban environment becomes more and more significant. Research 
carried out in London show that approx. 18% of traffic in the city is generated by delivery cars supplying these 
entities. The next 22% of the traffic on urban roads is generated by delivery cars and carriers, which provide services 
for individual customers by delivering orders personally. The research also shows that some of the deliveries carried 
by different carriers/ delivery cars intersects and is performed at partial use of the loading capacity (Browne, 
Baybars 2004). In addition, one of the key problems of transport in the cities is congestion, understood as the 
overflow of transport network and means of transport caused by exceeding their capacity or its deficiency (Mendyk 
2009), which is responsible for the increase in air pollution, energy consumption, but also for longer travel time. 
While assessing the impact of MTT on the environment, the first step should involve making a division between 
the first-order and second-order impact (Cullinane, Edwards 2011): 
x the first-order impact concerns stakeholders directly involved in the MTT (wholesalers, carriers, handling 
service); 
x the second-order impact concerns e.g. the costs of infrastructure (roads), especially in underdeveloped 
countries, which causes interference with the environment and global warming. 
The continuous increase in the number of motor vehicles, and above all, their exploitation, not only causes the 
emission of pollutants from exhaust gases, which are endanger human health, but it also reduces reserves of oil. In 
recent years, a very important issue becomes the reduction of pressure of transport on the environment and the scale 
and scope of its negative effects. Actions in this area should be conducted on different levels of government and self-
government authorities with the collaboration of the private sector (Iwan 2013). On the one hand it becomes 
necessary to implement appropriate legal and administrative regulations, on the other hand, to develop the 
appropriate management of urban space. Urban planners must take into account the different stakeholders 
perspectives (Iwan 2014) with the special attention to the needs of residents in terms of employment, health, 
education and transport needs, as well as provide recreational facilities, shopping places and waste management 
plants.  
2. Methodology  
Delimitation of the surveyed area in Szczecin focused on two factors: 
x accumulation of entities in the particular area that generate increased demand for transport. The starting 
point for this part of the research were the results of analysis described in (Czyszkiewicz, Durka 2011). 
x analysis of the local impact of freight transport on the environment associated with the emission of 
chemical compounds, directly affecting the health of people living in the city, such as nitrogen oxides, 
which have a similar impact on the human health as war gases, lead to lung damage and reduce the ability 
of blood to carry oxygen. 
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According to data from the Regional Inspectorate for Environmental Protection, NO2 concentration level in 
Szczecin is focused around the downtown area. The highest concentration of NO2 exceeding 120 mg/m3 occurs, 
among others, within the Centre and the Old Town (Fig.1). 
 
Figure 1. The level of NO2 concentration in Szczecin. 
Finally, the survey was carried out in the city center of Szczecin (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The area covered by the survey. 
182   Kinga Kijewska /  Transportation Research Procedia  16 ( 2016 )  179 – 190 
Table 1 summarizes the number of entities in the surveyed area, divided into four categories (retail entities, 
HoReCa sector, service entities and production plants) by their location. 
 
Table 1. Number of entities by their type, located in the surveyed area of Szczecin divided by the streets. 
Street 
Retail 
entities 
Service 
entities 
HoReCa 
Production 
plants 
Total 
Bogurodzicy 8 4 2  14 
Bogusława X 3 9 17 2 31 
Brama Portowa 4 3   7 
Jagiellońska 41 37 4 3 85 
Jana Pawła II 17 44 11  72 
Kaszubska 18 19 7 1 45 
Małopolska 7 7 1 1 16 
Mazowiecka  3 1 1 5 
Mazurska 21 15 1 3 41 
Monte Cassino 14 10 4 1 29 
Niepodległości 22 9 6  37 
Obrońców Stalingradu 12 8 2 3 25 
Piłsudskiego 40 27 11 4 82 
Pl. Grunwaldzki 5 3 2 1 11 
Pl. Przyjaciół Żołnierza 1 1   2 
Pl. Szarych Szeregów 5    5 
Pl.Lotników 3 2 2  7 
Pl.Zgody 1 2 2  5 
Pl.Zwycięstwa 5 5 3  13 
Plac Odrodzenia 2 2 3  7 
Plac Zamenhofa   1  1 
Podhalańska  2   2 
Rayskiego 24 7 5 4 40 
Śląska 27 19 6 1 53 
Św. Wojciecha 7 7 3  17 
Wielkopolska 18 13 5 2 38 
Więckowskiego 2 16 1  19 
Wojska Polskiego 48 47 13 3 111 
Wyzwolenia 39 15 11  65 
Total 394 336 124 30 884 
 
In the research, there were identified 884 entities the operation of which generates traffic of delivery vehicles in 
the surveyed area of Szczecin. The survey was conducted among 69% (610 entities), while 31% (274) of entities 
refused to take part in the survey. Table 2 summarizes the number of entities, which participated in the survey, 
divided by the type of entity. 
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Table 2. Number of entities, which participated in the survey divided by the type of entity. 
 
Retail 
entities 
Service 
entities 
HoReCa 
Production 
plants 
Total 
Number of 
survey 
participants 
359 155 79 17 610 
490 entities that took part in the survey receive regular deliveries. The remaining part of 120 entities reported that 
the number of received deliveries depends on the need to restock. 
3. Independent shops in the center of Szczecin – Christmas period 
In the case of independent shops, 84% of retail entities, 1% of service entities and 100% of HoReCa entities and 
production plants declared an increase in the number of deliveries per week. The remaining entities, which did not 
declare an increase in deliveries, including 7% of retail entities, experienced an increase in the volume of deliveries 
in the range of 60% to 90%. The increase in both the number and volume of deliveries was declared by 80% of retail 
entities and 100% of entities from HoReCa sector and production plants. This increase ranged from 30% to 100%. A 
small group of entities experienced two or even three-fold increase in the demand for deliveries - Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Number of deliveries to independent shops in Christmas period. 
1.1. Sample for entities located at shopping centre 
In total, there are 291 entities located in shopping centres covered by the survey, including 218 retail entities, 37 
service entities and 36 HoReCa entities. Figure 4 shows the total number of retail, service and HoReCa entities 
located in the shopping centres covered by the survey.  
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Figure 4. The total number of entities in the shopping centres covered by the survey. 
In the survey participated 150 business entities, including 110 retail entities, 16 service entities and 24 HoReCa 
entities. Figure 5 shows the number of interviewed entities of each type in comparison to all entities located in the 
shopping centre. 
 
 
 
 
 
 
 
 
 
 
Figure 5. Number of interviewed entities in comparison to all entities located in the shopping centre. 
1.2. Number of shipments and shipment size 
67% of entities interviewed had regular deliveries to their business entity. 33% declared no deliveries. 47% of 
entities had deliveries with an average size of less than 200 kg. 34% had average deliveries of 201 – 600 kg, 7% had 
deliveries between 601 – 1000 kg, 8% had average deliveries of 1001 – 1500 kg, 4% had average deliveries between 
1501-2000 kg and only 0.6% had average deliveries of more than 2000 kg. Table 3 shows the overview of delivery 
sizes for each industry group. 
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Table 3.  Overview of delivery sizes (average size for each delivery) for each industry group. 
 Retail Service HoReCa 
0 – 200 kg 52 8 11 
201 – 600 kg 37 6 8 
601 – 1000 kg 7 1 2 
1001 – 1500 kg 9 1 2 
1501 – 2000 kg 4 1 1 
more then 2000 1 0 0 
The largest part of deliveries is made from the country (52 entities), from the region (37 entities) and from the city 
(38 entities). Deliveries from abroad were declared by 15 entities.Table 4  presents the number of deliveries for each 
industry group. On average, there are 6 weekly deliveries made to retail entities with average weekly volume of 
2964 kg, 4.5 weekly deliveries made to service entities with average weekly volume of 1777.5 kg, and 6.5 weekly 
deliveries made to HoReCa entities with average weekly volume of 2990 kg. 
Table 4. Average number of shipments per week and average size of shipments. 
 Retail Service HoReCa 
Number of shipments per 
week 
6 4,5 6,5 
Average size of 
shipments 
494 395 460 
Average size of 
shipments per week 
2964 1777,5 2990 
Deliveries are usually made by small trucks up to 3.5t (52%) and passenger cars (29%). 18% of deliveries are made 
by medium trucks from 3,5t to 12t, and only 1% by big trucks over 12t. 32% of owners use own transport, while the 
remaining part use third-party transport. Most entities have deliveries 2-3 times a week (58 entities). 32 entities 
declared to have deliveries every day, and 29 once a week. Only 3 interviewed entities declared to have deliveries a 
few times a day . 
In case of weekly deliveries, 25% of business entities declared the highest number of deliveries on Thursdays and 
Mondays. 17% of them reported the highest number of deliveries on Tuesdays, 14% on Wednesdays, and 12% on 
Fridays. The lowest number of deliveries were declared on Saturdays (6%) and Sundays (1%) - Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The percentage of deliveries by day of the week. 
 
Goods to interviewed entities are usually delivered between13:00-15:59 (24%) and 10:00-12:59 (21%). 19% of 
goods are delivered between 7:00-9:59, 11% between 4:00-6:59, 12% between 16:00-18:59 and 9% between 19:00-
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21:59. Only 2% deliveries are made between 22:00-0:59 and 1:00-3:59. These results are shown in Fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Time of day, measured as percentage of all deliveries. 
 
1.3. Christmas period 
This part of the survey aimed to determine the changes in the number and volume of deliveries in the Christmas 
period. The increase in deliveries was declared by 52% of retail entities, 54% of HoReCa entities, and 50% of 
service entities. The remaining entities, which did not declare an increase in deliveries, including 7% of retail 
entities, experienced an increase in the volume of deliveries in the range of 60% to 90%. The increase in both the 
number and volume of deliveries was declared by 80% of retail entities and 100% of entities from HoReCa sector 
and production plants. This increase ranged from 30% to 100%. A small group of entities experienced two or even 
three-fold increase in the demand for deliveries – Figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. The size of shipments to entities located in the shopping centres in the Christmas period. 
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4. Delivery structure for entities located at shopping centre – Comparison with independent shops 
This part of the survey compares a demand for deliveries of independent shops and entities located in shopping 
centres. 
1.4. Number of shipments, use of transport service provider and shipment size  
The biggest part of independent shops (39%) reported the demand for weekly deliveries between 201-601kg, 
while only 33% of entities located in the shopping centres declared the demand for this size of shipments. The 
demand for shipment size up to 200kg was reported by 47% of entities located in shopping centres and 29% of 
independent shops. In both cases, the demand for shipment size of more than 2000 kg was reported only by 1% of 
entities. Table 5  presents the percentage volume of demand for deliveries. 
Table 5. Volume of deliveries per week.  
 
Independent 
shops 
in % 
Shopping centres 
in % 
0 – 200 kg 29 27 
201 – 600 kg 41 39 
601 – 1000 kg 20 24 
1001 – 1500 kg 9 8 
1501 – 2000 kg 1 1 
More than 2000 kg 1 1 
 
The survey has shown that the average volume of the single delivery amounts to 449.6 kg for business entities 
located in the shopping centres and 492 kg for independent shops. Moreover, independent shops report higher 
demand for deliveries of bigger single volume by 42.3 kg - Table 6. 
 
Table 6. Overview of delivery sizes (average size for each delivery). 
 Shopping centres Independent shops 
Number of shipments per week 5,6 shipments 6,5 shipments 
Average size of shipment 449,6 kg 492 kg 
Average size of shipments per 
week 
2518,1 kg 3198 kg 
 
Both entities located in shopping centres, as well as independent shops declared that most of the deliveries are 
made on Thursdays. Deliveries made to entities located in shopping centres by each day look at follows: Mondays - 
25%, Tuesdays - 17%, Wednesdays - 14%, Fridays - 12%. The smallest number of deliveries is made on Sundays 
1%. Deliveries made to independent shops are: 17% on Mondays, 13% on Tuesdays, 13% on Wednesdays and 18% 
on Fridays. As in the case of shopping centres, the smallest number of deliveries are made Sundays (deliveries to 1% 
of the entities) - Figure 9. 
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Figure 9. The percentage of deliveries by day of the week. 
Figure 10  presents the preferred hours of deliveries divided into business entities located in shopping centres and 
independent shops. The shopping centres most frequently accept deliveries between 13:00-15:59 (39%) and 10:00-
12:59 (27%), while independent shops between 7:00-9:59 (39%) and 4:00-6:59 (25%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Time of day, measured as percentage of all deliveries. 
 
 
 
 
 
Figure 10. The preferred hours of deliveries divided into business entities located in shopping centres and 
independent shops. 
Goods to shopping centres are usually delivered in the opening hours of these centres. Earlier 3% of goods are 
delivered between time intervals 1:00-3:59 and 2% between 4:00-6:59. No goods are delivered between 22:00-0:59. 
Deliveries to independent shops done between 1:00-3:59, 19:00-21:59 and 22:00-0:59 constitute only 0.6%, which is 
related mainly to the opening hours of these shops (usually from 7:00 to 18:00). 
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Figure 11. Comparison of deliveries to independent shops and entities located in the shopping centers in the 
Christmas period. 
The survey has shown that in the Christmas period deliveries increase in volume and number both in entities located 
in shopping centres, as well as in independent shops. In the first case, the two, three or even four-fold increase in the 
number of deliveries has been experienced by 84% of retail entities, 1% of service entities, and 100% of HoReCa 
entities and production plants. In the second case, a similar increase in the number of deliveries has been 
experienced by 98% of retail entities, 6% of service entities and 100% of HoReCa entities. Both in the first and the 
second case, an increase in the volume of deliveries was usually declared in the range of 60% -90%. Two- or three-
fold increase was usually declared by retail entities, HoReCa sector and production plants (over 60%) - Figure 11. 
5. Conclusions 
The survey allowed to compare the demand for deliveries to entities located in shopping centres and independent 
shops. It has shown very similar needs for deliveries with a slight advantage in favour of independent entities, which 
can be explained by the production plants located in the surveyed area, which require a larger volume of deliveries. 
Goods are delivered to shopping centres in the afternoon between 10:00-12:59 and 13:00-15:59. The number of 
deliveries decreases in the next time periods. However, goods to independent shops are usually delivered in the 
morning - their number increases between 4: 00-6: 59 and decreases after 10:00. 
The analysis showed that both in the first and the second case, the seasonal increase in the volume of Christmas 
deliveries was usually declared in the range of 60% -90%. Two- or even three-fold increase in the volume of 
deliveries in this period was usually declared by retail entities, HoReCa sector and over 60% of production plants. 
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